In the manufacture of articles of different types, one of the stages of the production process is the bonding of highly fi lled polymer composites with rubbers plied up with elastic nylon-6 fabric onto which the bonding composition is applied [1]. To ensure the necessary strength and service characteristics of the adhesive joints, use is made of bonding compositions based on different rubbers, including urethane-containing rubbers.
In the manufacture of articles of different types, one of the stages of the production process is the bonding of highly fi lled polymer composites with rubbers plied up with elastic nylon-6 fabric onto which the bonding composition is applied [1] . To ensure the necessary strength and service characteristics of the adhesive joints, use is made of bonding compositions based on different rubbers, including urethane-containing rubbers.
The chemical structure of urethane-containing rubbers is dependent on the class of the polymer base of the highly fi lled composite, the bonding strength requirements, and a number of other special conditions. The structure of urethane-containing rubbers determines the system of their curing, and consequently the kinetic constants of the curing process. The technological parameters of application and polymerisation of bonding compositions in many ways are determined by the rheokinetic laws governing their curing.
The viscosity of the bonding compositions should ensure their possible application, and also the wettability and impregnability of the nylon-6 fabric.
In this connection, the aim of the investigations was to study the rheological properties of bonding compositions based on different urethane-containing rubbers, to construct mathematical models refl ecting the temperature and time dependence of the viscosity of compositions, and optimisation of the conditions of application and polymerisation of compositions on the basis of the constructed mathematical models. Mathematical models refl ecting the temperature and time dependence of the viscosity of the bonding compositions were obtained by Translation submitted by P. Curtis different methods -the design of experiment method [2, 3] and on the basis of an analysis of the kinetics of change in the viscosity of compositions at different temperatures with determination of the corresponding kinetic constants [3, 4] .
A review of the literature [3, 4, [6] [7] [8] indicates that, during the curing of reactive oligomeric and rubber composites, the dependence of viscosity η on time τ in ln η-τ coordinates can be divided into three successive sections, each of which is approximated by a linear dependence. Such a nature of change in viscosity is the consequence of features of the process of formation of a three-dimensionally crosslinked polymer, including three main stages: the initial stage -the formation of a mainly linear polymer, the stage of formation of three-dimensional aggregates (the microgel stage), and the stage of formation of a continuous three-dimensional structure.
Investigations of the rheokinetics of curing of bonding compositions based on urethane-containing rubbers were carried out at the initial stage of their curing.
Investigations were conducted on the rheological properties of a bonding composition based on PPG-3A polyetherurethane rubber with end epoxyurethane groups, containing the same active diluent (oligoester epoxide), a reinforcing component (epoxy oligomer ED-20), and a curing agent (isomethyltetrahydrophthalic anhydride) [3, 5] .
The curing catalyst used is a tertiary amine (dimethylbenzylamine) used for accelerating the processes of curing of epoxy oligomers with acid anhydrides [9] .
In the given bonding composition, curing occurs as a result of the interaction of components containing epoxide groups with isomethyltetrahydrophthalic anhydride. It is possible to distinguish three stages of the process of curing epoxy-containing components by acid anhydride [10] .
At the initial moment, esterifi cation occurs -the interaction of hydroxyl groups of the epoxy oligomer with isomethyltetrahydrophthalic anhydride (Scheme A).
The carboxyl group COOH formed, containing a mobile hydrogen atom, is capable of interacting with an epoxide group, forming a new hydroxyl group (Scheme B).
At the same time, interaction of hydroxyl groups with epoxide groups occurs, which is catalysed by unreacted anhydride (Scheme C).
Experimental data on the dependence of the viscosity of a bonding composition based on PPG-3A rubber on the curing temperature and time are given in Table 1 . To calculate the temperature-time dependence of the viscosity of a bonding composition based on PPG-3A rubber in the form of a second-degree polynomial, use is made of a second-order central compositional twofactor orthogonal plan. On the basis of equation (1), a response surface is plotted by means of computer (Figure 1) , refl ecting the temperature and time dependence of the viscosity of the bonding composition and making it possible to select on a sound basis the conditions of its application. The determined model of the rheological characteristics of the bonding composition based on PPG-3A rubber, plotted on the basis of an analysis of rheokinetic laws of curing, comprises the following expression [3, 4] :
where η is the viscosity, τ is the time, T is the temperature, R is the universal gas constant, η ∞ and k ∞ are constants, and E η and E c are the effective activation energies of processes of viscous fl ow and curing.
The constants of the processes of viscous fl ow and curing of the bonding composition based on rubber PPG-3A, calculated on the basis of experimental data, have the following values:
The results obtained indicate that the given bonding composition is characterised by the fact that the effective activation energy of the curing process is lower than that of the process of viscous fl ow. Equation (2) makes it possible, by means of computer, on the basis of the established constants, to calculate the temperature and time dependence of viscosity (Figure 2) , to plot the viscosity-temperature-time diagram (Figure 3) , and also to determine the change in viscosity of the bonding composition during non-isothermal curing, which is necessary for selecting the optimum parameters of its processing and polymerisation.
It must be pointed out that the determined mathematical model of the rheological properties of the bonding composition adequately desribes the change in viscosity of the bonding composition in a broader range of change in the variables by comparison with the dependence obtained by the method of mathematical design of experiment.
Thus, the constructed mathematical models of the rheological properties of the bonding composition based on PPG-3A rubber mutually supplement each other and make it possible to select the optimum parameters of application and polymerisation of the bonding composition.
The bonding of highly fi lled polymer composites based on urethane rubber plasticised with a polar plasticiser is achieved by means of a bonding composition based on oligodieneurethane epoxy rubber PDI-3A and diphenylolpropane-formaldehyde oligomer FL-326, with dinitrile oxide as the curing agent of the rubber and with ethyl acetate as the solvent [11, 12] .
The curing of unsaturated rubbers (I) with dinitrile oxides (II) by double bonds proceeds by the mechanism of 1,3-dicyclo addition [13] (Scheme D).
Data on the change in viscosity at different temperatures of a bonding composition based on PDI-3A rubber cured with dinitrile oxide are given in Table 2 .
Calculation of the constants of processes of viscous fl ow and curing of the bonding composition based on PDI-3A rubber cured with dinitrile oxide, conducted on the basis of experimental data, gave the following results: It must be pointed out that a feature of the given bonding composition is the considerable difference in The lower value of the effective activation energy of the process of viscous fl ow for a bonding composition based on oligodieneurethane epoxy rubber PDI-3A by comparison with the analogous characteristic for a bonding composition based on PPG-3A rubber can be attributed to the presence in the bonding composition containing PDI-3A rubber of a solvent which reduces the intermolecular interaction between the components.
The results obtained were used to calculate the temperature and time dependence of the viscosity of the bonding composition based on PDI-3A rubber cured with nitrile oxide (Figure 4) , and also to plot a viscositytemperature-time diagram (Figure 5) . The given laws make it possible to optimise the processes of application and polymerisation of the given bonding composition.
The possible methods for applying bonding compositions are determined with account taken of features of their formulation, the rheokinetics of curing, and also the characteristics of the articles being manufactured. A bonding composition based on rubber PPG-3A can be applied using spraying or mixing-in methods. For a bonding composition based on rubber PD3A, the mixingin method is used. This is due to the fact that, in the case of spraying of the bonding composition, a considerable increase in its viscosity may occur owing to evaporation of the solvent, and, thereby, the impregnability of the nylon-6 fabric may deteriorate.
Thus, the established rheokinetic laws of curing of bonding compositions based on urethane-containing rubbers make it possible to optimise processes of their application, which promotes the achievement of the required characteristics of the articles manufactured.
